Age, growth and reproduction of the endangered jewelfish 
Hemichromis bimaculatus (Cichlidae) in the valley of Oued Righ 

(South-eastern Algeria) 

by 

Rabie GUEZI & M. Hichem KARA* (1) 



Abstract. - Age, growth and reproduction of 493 jewelfish Hemichromis bimaculatus Gill, 1862 in the valley of 
Oued Righ (Algeria) were studied from December 2010 to December 2011. The total length and weight of the 
individuals ranged from 21 to 107 mm and 0.20 to 14.9 g, respectively. Monthly follow-up of the scale marginal 
growth allowed identifying only one growth stop annulus per year, occurring in April. Back-calculations of total 
length-at-age permitted to determine that the population was composed of three age classes in both sexes. The 
adjustment to von Bertalanffy growth model was satisfactory with Loo = 11.6 cm, K = 0.2, to = -0.5. The fitted 
total length-total weight relationship was W = 0.026 L 2 - 803 . Macroscopic examination of gonads and monthly 
follow-up of gonadosomatic index indicated that spawning occurred once a year between March and June with a 
peak activity in April-May. The GSI reached a maximum of 1.12% in males and 7.52% in females. The length at 
first maturity was 4.5 cm for males and 5.7 cm for females. 
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Resume. - Age, croissance et reproduction de l’acara rouge Hemichromis bimaculatus dans la vallee de l’oued 
Righ (Algerie). 

L’age, la croissance et la reproduction de 493 Acaras rouges Hemichromis bimaculatus Gill, 1862 de la val¬ 
lee de Toued Righ (Algerie) ont ete etudies entre decembre 2010 et decembre 2011. La longueur totale et le 
poids total varient entre 21 et 107 mm et entre 0,20 et 14,9 g, respectivement. Le suivi mensuel de Tallongement 
marginal des ecailles montre qu’il ne se forme qu’un seul anneau d’arret de croissance par an, en avril. Par 
retro-calcul des tailles aux differents ages, trois cohortes ont ete identifies chez les deux sexes. L’ajustement du 
modele de Von Bertalanffy aux donnees age-longueur est satisfaisant avec L^ = 11,6 cm, K = 0,2, to = -0,5. La 
relation taille-poids est decrite par liquation Pt = 0,026 Lt 2,803 . L’examen macroscopique des gonades et le suivi 
des variations mensuelles du rapport gonadosomatique indiquent que la reproduction a lieu une fois par an, entre 
mars et juin, avec un pic en avril-mai. Le RGS atteint un maximum de 1,12% chez les males et de 7,52% chez les 
femelles. La longueur des poissons ala premiere maturite sexuelle est de 4,5 cm pour les males et de 5,7 cm pour 
les femelles. 


Genus Hemichromis lives only in Africa where it is rep¬ 
resented by 11 species (Froese and Pauly, 2014), of which 
only three are described in North Africa: Hemichromis fas- 
ciatus Peters, 1857, Hemichromis letourneuxi Sauvage, 
1880, and Hemichromis bimaculatus Gill, 1862 (Garcia et 
al., 2010). Only the last one is found in Algeria where it is 
autochtonous (Kara, 2012). 

Hemichromis bimaculatus is widely distributed in West 
Africa, where it is known from most hydrographic basins 
(Teugels and Van Den Audenaerde, 2003), associated with 
forested biotopes. It is also reported from coastal basins of 
Cameroon, Democratic Republic of the Congo (Teugels, 
1992) and northern regions (Algeria, Tunisia and Nile 
basin) (Kraiem, 1983; Le Berre, 1989; Kara, 2012), but not 
in Morocco (Azeroual et al., 2000). According to the IUCN 
Red List of freshwater fish in Northern Africa, this species is 
critically endangered (Garcia et al., 2010). 

Hemichromis bimaculatus is a benthopelagic fish that 
frequents fresh and brackish waters. It lives in zones with 


sandy bottoms or muds (Page and Burr, 1991), where it 
looks for prey (relatively great crustaceans, insects and other 
fishes) (Blay, 1985). The reproductive behaviour of this spe¬ 
cies contains fixed patterns, which are often organized in ter¬ 
ritorial, nest building, courtship and parental phases (Hilde- 
gard, 1985). 

In North Africa, as in the entire African continent, biolog¬ 
ical information about H. bimaculatus is limited. In Nigeria, 
Hyslop (1987) studied some aspects of the biology of this 
fish in the Kandole Shela, and Ayoade and Ikulala (2007) 
in the Eleiyele Lake. In contrast, breeding behaviour of the 
species has attracted more attention (Figler et al., 1975; 
Hildegard, 1984, 1985; David, 2007; Indira et al., 2013), as 
well as its scale histology (Sire, 1981, 1982, 1989; Sire and 
Meunier, 1981; Sire and Geraudie, 1983, 1984). In Algeria, 
despite the recent updating attempts of freshwater fish spe¬ 
cies inventory (Bacha and Amara, 2007; Kara, 2012), efforts 
are still needed in some geographical areas. Moreover, 
the ecology and the biology of these species are generally 
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unknown. This paper aims to determine the characteristics of 
the age, growth and reproduction of Hemichromis bimacula¬ 
tus in the valley of Oued Righ in south-eastern Algeria. 

MATERIALS AND METHODS 
Study area and sampling 

The valley of Oued Righ is located in the northeastern 
Sahara desert of Algeria (Low Sahara basin), which occupies 
an area of about 600,000 km 2 . It extends about 160 km from 
“El Goug” in the South to “ Oum El Thiour” in the North, 
with an average width ranging between 30 and 40 km in a 
south-north direction (Fig. 1). More exactly, the study area 
lies between 32°53’5”-34°10 , 0”N and 5°47 , 50”-6°10 , 00”E. 
The climate along this area is arid to hyperarid, characterized 
by low rainfall and high rates of evapotranspiration. Daily 
mean temperatures vary between 10°C in the winter to 32°C 
in the summer, with August being the hottest month. Rain¬ 
fall is generally low and tends to fall between November and 
March. The average annual rainfall is approximately 58 mm 
(Halis et al ., 2012). 



Figure 1. - Map of the Valley of Oued Righ with the location of the 
sampling localities. 1: Temacine Lake, 2: Oued Righ Channel. 


H. bimaculatus samples were obtained monthly from 
December 2010 to December 2011 in two communicating 
sampling localities (Temacine Lake and Oued Righ Chan¬ 
nel) (Fig. 1). 

Age and growth 

Scales of Hemichromis bimaculatus were placed between 
two glass slides and were photographed with a digital cam¬ 
era coupled with a binocular microscope. The photographs 
were digitally processed and used for calibration, measure¬ 
ments and quantification of growth increments of calcified 
structures. The digital processing was made using the TNPC 
software v. 5. (Fablet and Ogor, 2005). This software meas¬ 
ured the distance between the focus and the different annuli 
and the marginal increment. Annuli are translucent zones 
under transmitted light (Panfili et al., 2002). Five to seven 
scales were removed from under the left pectoral fin. The 
total scale radius (R) and the radii of the different growth 
rings (Rl, R2,... Rn) were measured along a median vertical 
line (Fig. 2). 

In order to determine when these rings formed, we ana¬ 
lyzed monthly variations of the relative marginal scale incre¬ 
ment (MI), with MI = R - Rn / Rn - Rn 1 , where Rn and Rn 1 
are the radius of the last and the next-to-last growth rings, 
respectively (Panfili et al., 2002). Individual age was deter¬ 
mined taking into account the date of capture, the mean birth 
date (June) and time of annulus formation (May) according 
to Panfili et al. (2002). In this case, every growth ring cor¬ 
responds to one year age. 

The age-length relationship was back-calculated accord¬ 
ing to the Lee method (1920). The theoretical size of fishes 
when the first scales formed was obtained by a regression 
TL = f (R) based on 402 data (21.9 < TL <101 mm, 6.6 < 
R < 27.3 mm). Observed lengths were compared with the 
results of the back-calculation. The von Bertalanffy (1938) 
growth function was fitted to the length and age data and is 
expressed as: TL = L°= [1 - e _KL ^ t0 )], where TL is the length 
at age t, K is a constant determining the rate of change in the 
length increment and t 0 is the age of the fish at zero length. 
The regression equation for the length-weight relationship 
was estimated by the least squares method with log trans¬ 
formed data by the equation: W = aL b , where W is the total 
body weight (g) and L is the total length (mm). All these 
parameters were determined using Fishparm software (Saila 
et al., 1988). 

Reproduction and sex maturity 

We calculated the sex ratio (SR) according to season 
and by function of length. SR values were calculated as fol¬ 
lows: SR = number of males / number of females. To quan¬ 
tify the changes in gonad weight during the annual sexual 
cycle and to determine the spawning season, we calculated 
the gonadosomatic index (GSI) for 426 mature specimens 
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Figure 2. - Scale of Hemichromis bimaculatus (3 years old, TL = 
9.30 cm), caught in Oued Righ valley (ri = first annulus, 12 = sec¬ 
ond annulus, rs = third annulus; MI = marginal increment; R = total 
radius) 


Figure 3. - Monthly variation of the marginal increment (MI) of 
scales of Hemichromis bimaculatus in the valley of Oued Righ. The 
different letters indicate significant differences between sampling 
points. Error bars correspond to standard deviations. 


Table I. - Distribution of individual total lengths of Hemichromis 
bimaculatus males and females from the valley of Oued Righ, 
obtained from direct scale readings, sd = standard deviation 


Length 



Age (years) 



Number of 

interval 

1 

2 

3 

sampled fish 

(cm) 

M 

F 

M 

F 

M 

F 

M 

F 

[3.6-3.9[ 

1 

2 





1 

2 

[3.9-4.2[ 

4 

2 





4 

2 

[4.2-4.5 [ 

10 






10 

- 

[4.5-4.8[ 

2 


6 

4 



8 

4 

[4.8-5.1[ 



9 

8 



9 

8 

[5.1-5.4[ 



13 

11 



13 

11 

[5.4-5.7[ 



11 

8 



11 

8 

[5.7-6.0[ 



4 

5 



4 

5 

[6.0-6.3 [ 



6 

11 



6 

11 

[6.3-6.6[ 



2 

13 



2 

13 

[6.6-6.9 [ 



7 

21 


3 

7 

24 

[6.9-7.2 [ 



6 

21 

5 

7 

11 

28 

[7.2-7.5 [ 



2 

10 

7 

23 

9 

33 

[7.5-7.8[ 





11 

13 

11 

13 

[7.8-8.1[ 





14 

6 

14 

6 

[8.1-8.4[ 





10 

2 

10 

2 

[8.4-8.7[ 





13 

6 

13 

6 

[8.7-9.0[ 





9 

1 

9 

1 

[9.0-9.3[ 





2 


2 

0 

[9.3-9,6[ 





2 

2 

2 

2 

[9.6-9.9[ 





1 


1 

- 

[9.9- 

10.2[ 





1 


1 

- 

Total 

17 

4 

66 

112 

75 

63 

158 

179 

% 

10.75 

2.23 

41.77 

62.56 

47.46 

35.19 



Mean 

length 

4.26 

4.28 

5.73 

6.28 

8.17 

7.64 



sd 

0.24 

0.15 

0.78 

0.79 

0.63 

0.57 



Mean 

weight 

1.45 

1.3 

3.69 

5.00 

10.05 

8.59 



sd 

0.37 

0.11 

1.71 

1.86 

2.82 

4.72 




Table II. - Back-calculated total lengths (cm) at the appearance of 
each growth ring in the scales of Hemichromis bimaculatus females 
and males from the valley of Oued Righ, Algeria. Ages I to III rep¬ 
resent the age obtained from direct scale readings. TL1 to TL3 are 
the back-calculated sizes-at-age. N: number, M: mean, Sd: standard 
deviation, TL: total length. 


Age 

(years) 

TL (cm) 

Age 

(years) 

TL (cm) 

Females 

TL1 

TL2 

TL3 

Males 

TL1 

TL2 

TL3 


N 

4 




N 

17 



1 

M 

5.00 



1 

M 

4.97 




Sd 

0.42 




Sd 

0.58 




N 

111 

111 



N 

66 

66 


2 

M 

4.76 

6.10 


2 

M 

5.11 

5.93 



Sd 

0.43 

0.61 



Sd 

0.58 

0.78 



N 

63 

63 

63 


N 

75 

75 

75 

3 

M 

5.65 

6.49 

7.10 

3 

M 

5.49 

6.64 

7.12 


Sd 

0.45 

0.47 

0.39 


Sd 

0.64 

0.85 

0.91 


N 

178 

174 

63 


N 

158 

141 

75 

Total 

M 

5.53 

6.24 

7.10 

Total 

M 

5.276 

6.649 

7.127 


Sd 

0.45 

0.60 

0.39 


Sd 

0.669 

0.892 

0.915 


(214 females and 212 males) by the following formula: 
GS1 = GW.100 / EW, where GW: gonad weight (g) and 
EW: eviscerated weight (g). The hepatosomatic index was 
also calculated monthly: HS1 = LW.100/EW, where LW: 
liver weight (g) and EW: eviscerated weight (g). The con¬ 
dition coefficient (K) values were calculated as follows: 
K = EW.100/TL 3 , where EW: eviscerated weight (g) and 
TL: total length (cm). The size at first sexual maturity was 
determined by the evolution of the proportion of mature 
fish according to size class during the reproduction period. 
Length at first maturity was estimated as the length at which 
50% of the fish had become mature (TL 50 ) (Rikhter and 
Efanov, 1976). Gonads were visually assessed for their stage 
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Table III. - Comparison of the observed lengths with back-calculat¬ 
ed lengths at different ages for the Hemichromis bimaculatus in the 
valley of Oued Righ. M = males, F = females, t: t-test , P = signifi¬ 
cance level. 


Age 

(years) 

Sex 

Observed 

length 

Back-calculated 

length 

t 

P 

1 

M 

4.26 

5.27 

1.02 

0.96 

F 

4.28 

5.53 

1.18 

0.43 

2 

M 

5.73 

6.64 

1.48 

0.13 

F 

6.28 

6.24 

0.43 

0.07 


M 

8.17 

7.12 

0.57 

0.06 

J 

F 

7.64 

7.10 

0.64 

0.14 


GSI % 



GS1 % 


Males 



Figure 4. - Monthly variation of the gonadosomatic index (GSI) of 
Hemichromis bimaculatus females and males in the valley of Oued 
Righ. The different letters indicate significant differences between 
sampling points. Error bars correspond to standard deviations. 


Table V. - Number of males and females and sex-ratio (SR) as a 
function of length in Hemichromis bimaculatus in the valley of 
Oued Righ. 


Length 

(cm) 

Males 

Females 

SR 

Z 2 

3.75 

4 

1 

4 

- 

4.25 

17 

9 

1.88 

2.46 

4.75 

16 

10 

1.6 

1.38 

5.25 

25 

19 

1.31 

0.81 

5.75 

13 

13 

1 

- 

6.25 

11 

20 

0.55 

2.61 

6.75 

19 

38 

0.5 

6.33 

7.25 

28 

52 

0.53 

7.2 

7.75 

20 

28 

0.71 

1.33 

8.25 

25 

12 

2.08 

4.56 

8.75 

17 

11 

1.54 

1.28 

9.25 

8 

4 

2 

1.33 

9.75 

3 

1 

3 

- 

10.25 

1 

1 

1 

- 


of maturation according to Babiker and Ibrahim (1979). We 
adopted this scale thanks to the similarities in the gonad 
appearance observed during the different periods of the sex¬ 
ual cycle. Stages of maturation were classified as follows: I, 
immature; II, maturing; III, mature IV, ripe; and V, spent. A 
female is considered mature when the ovaries are in stages 
II to V, and for males when testicles are in stages II to IV 
(Nunez and Duponchelle (2009)). 

Statistical analysis 

Comparison of MI, GSI, HSI and K values between 
months were carried out by analysis of variance (ANOVA) 
completed by Newman-Keuls. Observed lengths at differ¬ 
ent ages were compared with the back-calculation results 
obtained by Student t-test. The same test was used to com¬ 
pare male and female growth using back-calculated length 
at age values. The overall sex-ratio was tested monthly using 
chi-square test (Dagnelie, 1973). Statistical analyses were 
performed with Xlstat_Pro_7.5 software. 


RESULTS 


Table IV. - Seasonal variation of sex-ratio (SR) of Hemichromis 
bimaculatus in the valley of Oued Righ. 


Month 

Males 

Females 

SR 

X 2 

Summer 

50 

54 

0.92 

0.15 

Autumn 

54 

51 

1.05 

0.08 

Winter 

39 

46 

0.84 

0.57 

Spring 

69 

63 

1.09 

0.27 

Annual 

212 

214 

0.99 

0.009 


Age, growth and length-weight relationships 

The linear regression of total length versus scale radius 
was TL = 2.54 R - 1.80 (r = 0.76 p < 0.001). The intercept 
of this equation (1.8 mm) corresponds to the theoretical size 
of fish at the time of formation of the first scales. Comparing 
successive monthly mean scales marginal increment values 
(Fig. 3) using mean comparison tests, showed a significant 
difference (p <0.001) between April and June. The value of 
the marginal increment is at its minimum (0.09 mm) when 
the ring is forming during June. 
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Figure 5. - Monthly variation of the hepatosomatic index (A), HSI 
and the condition factor (B), K of Hemichromis bimaculatus in the 
valley of Oued Righ. The different letters indicate significant dif¬ 
ferences between sampling points. Error bars correspond to stand¬ 
ard deviations. 

Three age classes, from 1 to 3 years old, were found 
for males and females. About 6.23% of H. bimaculatus 
belonged to the age group 1 year old, 52.82% to age group 
2 years old and 40.94% to 3 years old (Tab. I). Back-calcu¬ 
lated age-length pairs for females and males are given in 
table. II. Observed lengths at different ages did not vary sig¬ 
nificantly with the back-calculation (Tab. III). The estimated 
parameters of Von Bertalanffy’s model are: L°= =11.6 cm, 
K = 0.5 year" 1 , to = -0.2. The weight-length relationship is 
W = 0.026 L 2 ’ 803 (r = 0.93). 

Reproduction 

Global sex-ratio for 214 females and 212 males is 1:0.99 
(/C 2 = 0.009, p >0.05). This value is constant throughout year 
and season (Tab. IV). In females, monthly evolution of GSI 
indicated a breeding season occurring between March and 
June, with a peak in April-May. The evolution of the GSI 
in males was almost similar to that observed in females 
(Fig. 4). The maturation phase of gametes was between 
February and March. The maximum value of the GSI was 
observed in May; afterwards the values of the GSI began 
to decrease. The hepatosomatic index (HSI) for both sexes 
gradually increased from December to August. The HSI 
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Figure 6. - Proportion of mature individuals (%) by total length for 
females and males of Hemichromis bimaculatus in the valley of 
Oued Righ. 


reached its maximum in August with 3.50% and 4.54% for 
females and males, respectively, and attained its minimum 
in December for females (0.46%) and for males (0.87%) 
(Fig. 5A). Monthly variations in the condition coefficient 
(K) were not perceptible in males (around 1.87) (Fig. 5B). 
In females, a significant increase occurs between February 
(1.88) and March (2.18). The size at which 50% of the popu¬ 
lation reaches maturity is 4.5 cm for males and 5.7 cm for 
females (Fig. 6). 

DISCUSSION 

Annuli formation on the scales of H. bimaculatus off 
Oued Righ Valley occur during May-June. This period of 
slower growth may result from the intense gametogenetic 
activity between February and May. Man and Hodgkiss 
(1977) found that annuli formation is induced by low growth 
due to a low feeding intensity, but also by periods of low 
water temperature, which are observed in our studied area 
during February (15.4° C) and March (18.9° C) (Gouasmia, 
pers. comm.). 

H. bimaculatus is a short living species in Oued Righ Val¬ 
ley. Its size ranged from 3.6 to 10.2 cm and its age is between 
1 and 3 years for males and females. As reported by Indira 
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et al. (2013), the longevity can attain 5 years. The growth 
of this species is correctly described by the Von Bertalanffy 
model. Unfortunately, data on Hemichromis genus growth 
do not exist as far as we know, and comparisons are not pos¬ 
sible. The length-weight relationships in this species indi¬ 
cated close to negative allometric growth (b = 2.80). A simi¬ 
lar result was recorded in Ivory Coast (b = 2.88) (Leveque, 
2006) and in Eleiyele Lake in Nigeria with a weak value in 
this case (b = 2.14) (Ayoade and Ikulala, 2007). Variations 
should be attributed to various factors, which can affect fish 
growth, and can include season, habitat, gonadal maturity, 
sex, stomach fullness, health and/or preservation techniques 
(Nikolsky, 1963; Tesch, 1968). 

Analysis of the GSI suggests that the spawning period 
takes place in the spring season, from March to June, with a 
resting period during the rest of the year. The breeding sea¬ 
son coincides with the hottest times of the year. A similar 
spawning period of H. bimaculatus is found in Ivory Coast 
(Albaret, 1982). According to Indira et al. (2013) in India, 
the species has a major spawning season coinciding with the 
northeast monsoon during October-November, having the 
spawning peak in mid-November and a minor spawning sea¬ 
son synchronizing and responding to the south-west mon¬ 
soon in April-June. In Kandole Shela (Northern Nigeria), 
spawning of H. bimaculatus occurs in May-June, which is 
before or coincident with the beginning of the wet season, 
probably to fit maximum number of broods into the period 
of food abundance (Hyslop, 1987). 

Variations of HSI values indicate that H. bimaculatus 
saves lipid reserves in the liver just after the breeding season 
(August). A reversion of trophic activity following this peri¬ 
od of eventual fast may explain this situation. Indeed, fishes, 
which decrease their food intake during gonadal maturation, 
use nutrients originating from endogenous reserves in mus¬ 
cle, adipose tissue and liver (Lai and Singh, 1987; Nassour 
and Leger, 1989; Martin et al., 1993). 

The stability of K values (1.87 ± 0.40) in males during 
the year indicates that the populations keep the same condi¬ 
tion during the different seasons. In females, the high values 
of K during breeding season (1.65 to 2.18) may be due to 
favourable trophic conditions that compensate for the energy 
expense of gamete production. In Kandole Shela (Northern 
Nigeria), these values range between 1.63 and 1.93 (Hyslop, 
1987). 

The length at first maturity of the jewelfish of Oued Righ 
valley is 4.5 cm for males and 5.7 cm for females. These val¬ 
ues are different from those in India (51-55 mm (1 st method) 
or 53 mm (2 nd method) for females and 61-65 mm (1 st meth¬ 
od) or 65 mm (2 nd method) for males (Indira et al., 2013) and 
in Ivory Coast (4.5 cm for females) (Albaret, 1982). These 
variations could be related to environmental factors (temper¬ 
ature, latitude of sampling areas). In a number of cichlid spe¬ 
cies, Tilapia nilotica (Babiker and Ibrahim, 1979), Tilapia 


zilli (Dadzie and Wangila, 1980), Tilapia leucosticta (Trewa- 
vas, 1933) and Oreochromis macrochir (Boulenger, 1912), 
males and females mature at different sizes. It is accepted 
that the optimum size for the first maturation depends upon 
many factors, including the relative allocation of food ener¬ 
gy between somatic and gonad growth (Mazzoni and Cara- 
maschi, 1995). 

This paper provides the first data on the biology of H. 
bimaculatus in North Africa. Growth and reproduction 
were monitored during one year-cycle. Results are still to 
be debated with further incoming data on feeding habits, 
ecology and eventual population genetics studies, that may 
explain the patchy geographic repartition of such sensitive 
fish. Our study and the resulting guidelines for the manage¬ 
ment of the Jewelfish will enable the conservation of an 
endangered species known to be impacted by both environ¬ 
mental- and human-induced factors. 
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